Epidemiological studies of the relationship between dietary fish oil and risk of colorectal cancer have been inconsistent. The present study was conducted in order to determine the inhibitory effect of fish oil on inducible nitric oxide synthase (iNOS), cyclooxygenase (COX)-2, and β-catenin expressions in the colorectal preneoplasia development of mice induced by azoxymetane (AOM) and dextran sodium sulfate (DSS). In this study, balb/c mice was injected intraperitoneally by a single dose of 10 mg/kg of body weight AOM followed by administered of 1% DSS during a week in drinking water. Fish oil was administered orally in three different doses (1.5 mg/ low dose, 3 mg/ medium dose and 6 mg/high dose) in each group of mice per day until the mice were terminated. The expression of iNOs, COX-2, and β-catenin were observed in the epithelial cells of colon mucosa crypts. In the second month, the iNOs expression was decreased in the medium and high groups of fish oil. In the third and fourth month, decreasing of the iNOs expression were observed in all groups (p<0.05). The COX-2 expression was decreased in the medium and high groups on the second month. The expression of β-catenin was also decreased in the medium group on the fourth month. The inhibition effect of high dose of fish oil on β-catenin was observed on the third month. In conclusion, administration of medium dose of fish oil in mice induced by AOM/DSS was the most effective dose to decreased the expression of iNOs, COX-2, and β-catenin in the second month.
Introduction
Several research have shown that the development of colorectal cancer associated with nutritional factors. Fish oil is a substance containing poly-unsaturated fatty acid (PUFA) such as ω-3-eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which play a role in inducing cellular apoptosis and differentiation, as well as inhibiting cell proliferation. Accumulation of ω-3 PUFAs on the cell membrane are predicted to maintain the fluidity, receptor binding to its ligand, determine the activity of the enzymes such as ornithine decarboxylase (ODC), and transduction pathways.
Except the nutritional factor, colorectal carcinogenesis is also associated with inflammation that occurs in colorectal. Ulcerative colitis (UC) and inflammatory bowel disease (IBD) increases the potential to develop colorectal cancer. The occurrence of inflammation in the colorectal crypt epithelial led to the formation of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) which resulted in upregulation of the production of prostaglandin E2 (PGE2) and nitric oxide (NO). Both of these molecules causes an increase in reactive oxygen species (ROS). ROS lead to a variety of damage to both protooncogene genes and tumor suppressor genes. The damages caused by ROS stimulates the initiation development of gene in normal epithelial cells become preneoplastic and neoplastic cells.
β-catenin is one of the tumor supressor genes related to the development of colorectal cancer. Mutation of β-catenin gene resulted in β-catenin protein overexpression in cytoplasm and nuclear of colorectal crypt epithelial cell. Research in expression of β-catenin as a result of upregulation iNOS production and COX-2 in colorectal epithelial cells of mice that administered by supplement of fish oil, is expected to give some informations regarding to the effect of fish oil on the expression of the three proteins in colorectal carcinogenesis, especially those it preced by inflammation. To obtain a model of colorectal carcinogenesis which is preceded by inflammation, mice were induced by azoxymetane (AOM) as a genotoxic substance, and dextran sodium sulfate (DSS) as compound that stimulate inflammation.
Methods

Experimental Animal
Male Balb /C mice aged 5 weeks were obtained, maintained and treated in the Laboratory of Experimental Pathology, Department of Anatomic Pathology, Faculty of Medicine, University of Indonesia. Animals are maintained and treated according to the Guide for Care and Use of Laboratory Animals of the Animal Care and Use Committee, and was approved by the Research Ethics Committee of the Faculty of Medicine, University of Indonesia. Mice were maintained in a temperature-controlled conditions at 23 °C and 55% of humidity with a cycle of 12 hours light/dark. Mice were fed standard food in both of the control group and the test group. Additionally, the test group was given fish oil with a dose of 1.5 mg, 3 mg and 6 mg per mouse per day.
Induction of Colon Preneoplasia by AOM and Dextran DSS
Induction of colon preneoplasia of mouse is done by intraperitoneal injection of AOM dissolved in 0.9% NaCl with dose of 10 mg/kg of body weight. Mice were given standard food and drink mineral water for one week after induction. Furthermore, for the next one-week treatment, the mineral water is replaced by mineral water containing 1% of DSS. Research protocol is displayed in Figure 1 . given through mineral water, fish oil was given orally ( means mice were sacrificed; number is refer to weeks)
Tissue Sample Preparation
Mice were sacrificed by using ether after 4, 8, 12, and 16 weeks of carcinogenesis induction by AOM. Colon tissues of mice were taken, then cleaned from the lumen of the colon with water. Tissue was fixed with 10 % of phosphate buffered formalin.
Immunohistochemistry Staining of iNOS, COX2 and β-catenin
Tissues sample was cut with a thickness of 4 µm for immunohistochemistry staining. After deparaffination and rehydration, specimens were dyed by 0.01 M of citrate buffer (pH6.0) in microwave for 5 minutes. Specimens were spilled by 3% of hydrogen peroxide to eliminate endogenous peroxide for 5 minutes at room temperature. Specimens were incubated with rabbit polyclonal antibodies of inducible nitric oxide synthase (1:200 dilution; Abcam Inc., Cambridge, MA) or rabbit polyclonal cyclooxygenase-2 (1:100 dilution; Cell Signaling Technologies, San Diego, CA), or rabbit polyclonal β-catenin (1:250 dilution; Abcam Inc., Cambridge, MA) in PBS for 2 hours at room temperature in a humidity chamber, followed by overnight incubation at 4 °C. N-Universal (Dako) was used as a negative control. Specimens were then incubated with the appropriate secondary antibody for one hour at room temperature, followed by incubation with HRP-conjugated streptavidin for 30 minutes. Proteins visualized using 3,3'-diaminobenzidine (DAB) for 10 minutes at room temperature. The specimens was added counterstain with Harris hematoxyllin, dehydrated and mounting.
Immunohistochemistry Staining Interpretation
Inducible NOS and COX-2 expression in the cytoplasm and β-catenin expression in the membrane and cytoplasma of colon crypt epithel cell was scored semiquantitatively by using Walker criteria in 10 visual fields with 400x magnification. The scoring of expression was defined as: 0=negative, 1≤10% cells stained, 2=10-50% cells stained, 3=51-80% cells stained, 4=81-100% cells stained. The total expression score was summed, and then the average value was counted. 7 As the positive control of iNOS and COX-2 staining were used tonsil tissues, meanwhile the positive control of β-catenin staining were used colon adenocarcinoma tissues.
For the negative control of the three stains, there was no additional primary antibody in the same tissue specimen.
2.6Data Analysis
Two-ways analysis of variance (ANOVA) was used to determine the effect of four doses of fish oil (0, 1.5, 3 and 6 mg/day) and duration effect of fish oil administration (1, 2, 3, and 4 months) against colorectal carcinogenesis based on the assessment of the expression of iNOS, COX-2, and β-catenin. The Tukey multiple comparation test is used to determine the differences between groups. Prior to do ANOVA, the normality of data distribution was tested using the Levene's test, whereas the homogenity of variance was tested using the Kolmogorov-Smirnov test.
Result
Effect of Fish Oil on the iNOS Expression
Through statistical tests using two-ways ANOVA, indicated a significant difference in the expression of iNOS for each monthly sampling colonic tissue of mice, also shown the differences in the expression of iNOS in each dose of fish oil. The interaction between these two variables was not found (p = 0.591). Through the Tukey multiple comparation test, indicated that in the control group no changes in the expression of iNOS. At low and medium doses, decreasing in the expression of iNOS were found in the fourth month. While in high doses, decreasing in expression of iNOS significantly different occurred from the third month. From a comparison of iNOS expression of each month can be obseved that, in the first month has not found significant differences in iNOS expression. In the second month was found iNOS expression were significantly different in medium doses. Similarly, in the third and fourth month, the use of medium doses could decrease the expression of iNOS (Table 1 , Figure 2 ). positive iNOS expressions, 400x magnification
Effect of Fish Oil Administration on COX-2 Expression
ANOVA test indicated that the administration of doses of fish oil has changes the expression of COX-2 in the AOM and DSS-induced mice (Table 1, Figure 3 ). ANOVA test also showed that duration of administration of fish oil resulted significantly changes in the expression of COX-2 in colon tissue of mice. Through this testing, has been found no interaction between duration of administration (in months) and the doses (p=0.120). 
Fish Oil Effect on β-catenin Expression
Through the analysis using ANOVA has been known that there are significant effect between duration time and doses of fish oil administration with the expression of β-catenin in the membrane and cytoplasm of crypt epithelial cells colonic mucosa. However, no interaction was found between duration and doses of fish oil administration (p=0.097). β-catenin expression in the epithelial crypt cells showed a tendency to increase in control mice in the first month than in the fourth month. At the low doses, has not been found β-catenin expression changes from first month to fourth month. Decreased expression of β-catenin occurre of a dec ( 
Effect of Fish Oil Administration on COX-2 Expression
COX-2 expression in crypt epithelial cell of control group mice showed no alteration from the fist month to the fourth month. Decreasing in the expression of COX-2 was found in administration of low dose fish oil with in the fourth month, meanwhile in the medium dose administration was found since the second month. Administration of high dose fish oil accelerates the decreasing of COX-2 expression, which has been achieved since the first month (Figure 3) . Generally, fish oil administration to AOM and DSS-induced mice resulted in decreasing of COX-2 expression in the second month using medium doses. Thus, decreasing expression of COX-2 in colon crypt epithelial cells of mice had been given fish oil was parallel with the decreasing of iNOS expression which occurs in the second month using a dose of 3 mg/day. This result is consistent with previous research using arachidonic acid on mice-induced AOM, which revealed that the administration of ω-3 decreased the expression of COX-2. Other studies have also reported that administration of ω-3 derived from fish oil also has the potential to inhibit the occurrence of colorectal cancer. This inhibition are also in line with the decreasing of the expression of COX-2 in colonic crypt epithelial cells. A research involving ω-3 PUFA in colorectal cancer treatment concluded that there was inhibition of cancer development through the suppression of COX-2 expression in colon tissue.
Correlation between colorectal carcinogenesis with the increase of COX-2 expression on transgenic mice had been reported by Ishikawa and Herschman. Other research that provided similar result, showed that COX-2 expression in transgenic mice colon epithel was inhibited by the administration of ω-3 PUFA. Feeding the colitis transgenic mice with desaturated fatty acid showed the decrease of COX-2 expression. Addition of fish oil in diet affected to reduced PGE2 and PGE3 as mediators wich plays a role in inflammation and the increase of colon cell apoptosis. Meanwhile, there was a research using patient's colorectal cancer tissue sample, which showed no correlation between COX-2 expression and cancer patient's endurance. Apparently there was only 37% of the cancer patient's tissue sample which had a positive COX-2 expression. A more controversial report of transgenic mice experiment stated that COX-2 stimulate the stage of tumor progression, and had no role at initiation stage. Enhancement of COX-2 expression in the control group of our research showed that it surpassed the inititation stage as the time passed.
This research shows fish oil could reduce inflammatory process. Some literatures mentioned that fish oil containing unsaturated fatty acids could reduce the level of inflammation in inflammatory bowel diseases/IBD. Fish oil can influence the responsible cells in inflammation reaction through variety of mechanism, such as interfering the lipid complex, lipoprotein, hormone, and responsible metabolite in inflammation reactions. Fish oil PUFA have direct influence to inflammatory cells through fatty acid receptor at the cell surface and intracellular, and then influencing the transcriptional factor like peroxisome proliferator activated receptors (PPARs). Besides, PUFA can be oxidized by enzymatic or non-enzymatic process, and the derived substance will act directly at the surface receptor of inflammatory cell. ISSN 2327 -0640 2014 It has been reported that the changes of linoleic acid (LA) to arachidonic acid (AA) was inhibited by EPA, DHA and ALA that is contained in fish oil. AA compete with EPA, the substrate of COX-2 in the formation of PG and thromboxane (TX), and as substrate of lipooxigenase (LOX) enzyme in the formation of leukotrienes. PG, TX, and leucotriene are proteins that play a role in inflammation reaction and proliferation, but the three EPA-derived proteins are lacking the ability to stimulate the inflammation reaction and proliferation. In addition, EPA and DHA have the ability to inhibit the production of COX-2 protein that inhibits the production of those three proinflammatory and proproliferation protein. It has been known that inflammation reaction and proliferation related with tumor development.
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Effect of Fish Oil on the β-catenin Expression
β-catenin is a protein that plays a role in colorectal cancer carcinogenesis. The enhance of β-catenin expression in the cytoplasm and nuclear of crypt epithel cells was parallel with carcinogenesis process. β-catenin is a molecule responsible in cell adhesion, mediated by E-cadherin, and Wnt-APC transduction pathway. The existency of β-catenin in cellular membrane, cytoplasm, and nuclear determine the adhesion ability and cellular pathway. In normal state, β-catenin is found abundantly in the cell membrane, small amount in the cytoplasm and nuclear. The accumulation of β -catenin in the cytoplasm and nucleus of cells occurs due to mutations in the APC gene, β-atenin or axin. Mutations in these genes are associated with the occurrence of colorectal carcinogenesis. The aberrant expression of β-catenin was found in dysplasia and colorectal cancer in AOM and DSS-induced mice, and in people who suffer from colon cancer and colitis related-dysplasia. Our result showed an alteration of β-catenin expression, by immunohistochemistry staining (Figure 4 ). In the AOM and DSS-induced mice which were not treated by fish oil, the expression of β-catenin has mostly been found in cytoplasm, in the first month until fourth month. β-catenin expression in this group was parallel with the increasing in colon tissue dysplasia stage.
From the three colorectal carcinogenesis protein marker expression, overall showed that the administration of fish oil reduce the three protein expression. The uniformity showed an interrelated process between the three proteins. Nitric oxide (NO) and prostaglandin (PG) are inflammatory mediator that influence inflammation pathogenesis. At the state of increasing NO and PG level, the increase of iNOS and COX-2 expression was found in colon mucosa epithel as well. So did in the human colon malignancy which was preceded by the inflammation and in the DSS induced-mice, there was increasing iNOS and COX-2 expression in colon epithel. The explanation of this fact is due to the interaction between endogenous NO with COX-2, and between β-catenin/APC and COX-2 pathway. β-catenin/APC was reported to have a role in inducing COX-2 increased level that mediated by NP in colon epithel. It was also reported that β-catenin/Tcf-4 complex activated the PEA3 transcription factor which would stimulate COX-2 expression. 
Conclusion
Administration of fish oil in mice induced by AOM and DSS are intended to undergo colorectal preneoplasia development through inflammation, as well as to decrease the expression of iNOS and COX-2 in epithelial cells of the colonic mucosal crypts. Decreasing in expression of both proteins has been achieved in second month in the group administered by fish oil in medium dose. While the effect of medium dose of fish oil on the expression of ISSN 2327 -0640 2014 β-catenin has been reached inthe fourth month. Nevertheless, the trend of decreasing expression of β-catenin has been observed in the second month. Thus, administration of fish oil on murine colorectal preneoplasia induced by AOM and DSS, showed most effective inhibition in the second month, using a medium dose (3 mg / day).
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